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(54) Ballast for a plurality of discharge lamps
(57) A discharge lamp lighting device comprises a
plurality of discharge lamps and at least one reflector.
The lighting device lights three discharge lamps and
comprises: a first leakage transformer (T1) which com-
prises a frame core (1) shaped substantially rectangular
and two bar-cores (2a,2b) disposed parallel to each oth-
er and orthogonal to two opposing sides (H1,H2) of the
frame-core (1) with a predetermined gap from the frame-
core, has two of primary and secondary windings

(n1,n2) structurally independent of each other, and
which lights two discharge lamps of the three; and a sec-
ond leakage transformer (T2), which comprises a frame-
core (3) shaped substantially like square-U letter and a
bar-core (2c) disposed orthogonal to two opposing sides
(H1,H2) of the frame-core (3) with a predetermined gap
from the frame-core, has one primary and secondary
winding (n3,n4) structurally independent of each other,
and which lights remaining one discharge lamp.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a discharge
lamp lighting device which, as a backlight source for a
large liquid crystal display device, lights a plurality of dis-
charge lamps.

2. Description of the Related Art

[0002] A discharge lamp lighting device with a high-
frequency lighting circuit has been proposed which
lights cold cathode discharge lamps as a backlight
source for a large liquid crystal display device. Fig. 6
shows such a discharge lamp lighting device, in which
light rays emitted from a plurality (six in the figure) of
cold cathode discharge lamps L1 to L6 are adapted to
illuminate a liquid crystal display device by means of re-
flectors R and a light guiding plate PL disposed between
the reflectors R. Figs. 7 and 8 are block diagrams of con-
ventional discharge lamp lighting devices described
with reference to Fig. 6. Referring to Fig. 7, each lighting
circuit LC comprises: a control circuit CT; a driving circuit
D driven by the control circuit CT; a leakage transformer
T; a discharge lamp L; and a resistor R1 connected in
series to the discharge lamp L, and one lighting circuit
LC is provided with each discharge lamp. Referring to
Fig. 8, a lighting circuit LC comprises: a control circuit
CT, a driving circuit D driven by the control circuit CT; a
leakage transformer T; three ballast capacitors CB con-
nected in parallel with one another; three discharge
lamps L connected in parallel with one another and in
series to respective ballast capacitors CB; and a resistor
R1 connected in series to the three discharge lamps L.
[0003] The control circuit CT receives a DC power
supply V, outputs a predetermined AC signal, detects a
tube current flowing from the resistor R1 to the dis-
charge lamps L, and controls the oscillation amplitude
of the driving circuit D. In the discharge lamp lighting
device shown in Fig. 7, one discharge lamp L requires
one high-voltage and high-frequency transformer there-
fore requiring a plurality of transformers, and the plural-
ity of transformers must be regulated so that tube cur-
rents in respective discharge lamps L are equal to one
another. In the discharge lamp lighting device shown in
Fig. 8, high-voltage and high-current capacitors are re-
quired, and the discharge lamps L have their lighting fre-
quencies increased to, for example, 50 kHz for stable
lighting operation. As a result, stray capacitances CS
present between the reflectors R and the cold cathode
discharge lamps L1 to L6 and present between the cold
cathode discharge lamps L1 to L6 (see Fig. 6) make an
impact, whereby tube currents in the discharge lamps
change thus generating variance in illuminance.

[0004] To overcome the above problem, a discharge
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lamp lighting device shown in Fig. 9 for lighting a plurality
of discharge lamps was disclosed in Japanese Patent
Application Laid-open No. Hei 11-260580. The dis-
charge lamp lighting device comprises: a DC power sup-
ply 31; and first and second switching elements (FETS)
12 and 13 which are connected in series to each other
and which are connected respectively to one end and
the other end of the DC power supply 31. A first series
resonant circuit 15 consisting of an inductor 15a and a
first capacitor 17 is connected to the connection be-
tween the first and second switching elements 12 and
13 and to the other end of the DC power supply 31. And
a second capacitor 15b is connected to the connection
between the inductor 15a and the first capacitor 17 and
to the other end of the DC power supply 31. The dis-
charge lamp lighting device further comprises: a second
series circuit consisting of a first discharge lamp 18 and
a first resistor 19; and a first control circuit 14 to control
the switching frequencies of the first and second switch-
ing elements 12 and 13 in order to equalize the current
in the first discharge lamp 18 to a predetermined value.
[0005] A second series resonant circuit 20 consisting
of avariable inductor 21a and a third capacitor 22 is con-
nected to the connection between the first and second
switching elements 12 and 13 and to the other end of
the DC power supply 31. A series circuit consisting of a
fourth capacitor 10, a second discharge lamp 11, and a
second resistor 23a to detect current is connected to the
connection between the variable inductor 21a and the
third capacitor 22 and to the other end of the DC power
supply 31. A second control circuit 23 is provided which
controls the inductance of the variable inductor 21a
thereby equalizing the current in the second discharge
lamp 11 to a predetermined value. For lighting a plurality
of discharge lamps, there are provided a plurality of sec-
ond series resonant circuits 20 each consisting of the
variable inductor 21a and the third capacitor 22, a plu-
rality of series circuits each consisting of the fourth ca-
pacitor 10, the second discharge lamp 11 and the sec-
ond resistor 23a to detect current, and plurality of sec-
ond control circuits 23.

[0006] The FETs 12 and 13 as switching elements are
alternately switched on and off by respective control sig-
nals supplied from the first control circuit 14 comprising
a microcomputer, and so on to respective gates of the
FETs. The first control circuit 14 is capable of controlling
the frequency of the control signal across a predeter-
mined range. The connection between a source S of the
FET 12 and a drain D of the FET 13 is connected to a
cathode of the DC power supply 31 via the series circuit
consisting of the inductor 15a constituting the first series
resonant circuit 15 and the second capacitor 15b, and
the inductance of the inductor 15a and the capacitance
of the capacitor 15b are set to respective predetermined
values so as to set a resonant frequency f0 of the first
series resonant circuit 15 to a predetermined frequency.
[0007] The above discharge lamp lighting devices
have the following problem. Since the inductance value
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of the variable capacitor 21a is controlled so that the
current of the second discharge lamp 11 is equal to a
predetermined value, the second control circuit 23 for
controlling the inductance value is required. Further, for
lighting a plurality of discharge lamps, there must be pro-
vided a plurality of second series resonant circuits 20
each consisting of the variable inductor 21a and the third
capacitor 22, a plurality of series circuits each consisting
of the fourth capacitor 10, the second discharge lamp
11 and the second resistor 23a to detect current, and
plurality of second control circuits 23. Accordingly, for
example, if six discharge lamps are lighted as shown in
Fig. 6, its circuit has to be complicated and the number
of the components is inevitably increased, thereby mak-
ing it difficult to realize cost reduction. Also, the in-
creased number of the components tends to degrade
the reliability of the device.

SUMMARY OF THE INVENTION

[0008] The present invention has been made in light
of the above problem, and it is an object of the present
invention to provide a reliable discharge lamp lighting
device, which uses a limited number of components,
and which is capable of lighting a plurality of discharge
lamps without suffering the effects of stray capacitances
present between and around the discharge lamps.
[0009] Inorderto achieve the above object, according
to a first aspect of the present invention, a discharge
lamp lighting device comprises a plurality of discharge
lamps, at least one reflector to reflect light rays emitted
from the discharge lamps, and at least one leakage
transformer, and each leakage transformer is adapted
to light three discharge lamps, and comprises: a first
leakage transformer, which has two primary windings
and two secondary windings structurally independent of
the two primary windings, and is adapted to light two
discharge lamps of the three; and a second leakage
transformer, which has a primary winding and a second-
ary winding structurally independent of the primary
winding, and is adapted to light remaining one discharge
lamp of the three.

[0010] According to a second aspect of the present
invention, in the discharge lamp lighting device of the
first aspect, the plurality of discharge lamps are dis-
posed in parallel with one another, and the one dis-
charge lamp lighted by the second leakage transformer
is located between the two discharge lamps lighted by
the first leakage transformer.

[0011] According to a third aspect of the present in-
vention, in the discharge lamp lighting device of the first
aspect, the first and second leakage transformers are
driven by the same driving circuit, and three discharge
lamps are lighted in-phase with one another.

[0012] According to a fourth aspect of the present in-
vention, in the discharge lamp lighting device of the first
aspect, the numbers of turns on the primary and sec-
ondary windings of the second leakage transformer are
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determined so as to equalize respective currents flowing
in the three discharge lamps when the discharge lamps
are lighted.

[0013] According to a fifth aspect of the presentinven-
tion, in the discharge lamp lighting device of any one of
the first to fourth aspects, the numbers of turns on the
primary windings of the first leakage transformer are
equal to each other and the numbers of turns on the sec-
ondary windings of the first leakage transformer are
equal to each other.

[0014] According to a sixth aspect of the present in-
vention, in the discharge lamp lighting device of the first
aspect, the first leakage transformer comprises: a
frame-core shaped substantially rectangular; and two
bar-cores disposed parallel to each other and orthogo-
nal to two opposing sides of the frame-core with a pre-
determined gap from the frame-core, and each bar-core
having a primary winding and a secondary winding
structurally independent of the primary winding, and the
second leakage transformer comprises: a frame-core
shaped substantially like square-U letter; and a bar-core
disposed orthogonal to two opposing sides of the frame-
core with a predetermined gap from the frame-core, and
having a primary winding and a secondary winding
structurally independent of the primary winding.

[0015] According to a seventh aspect of the present
invention, in the discharge lamp lighting device of the
first aspect, the first leakage transformer comprises: a
frame-core shaped substantially rectangular; and two
bar-cores disposed parallel to each other and orthogo-
nal to two opposing sides of the frame-core with a pre-
determined gap from the frame-core, and each (bar-
core) having a primary winding and a secondary winding
structurally independent of the primary winding, and the
second leakage transformer comprises: a frame-core
shaped substantially rectangular; and a bar-core dis-
posed orthogonal to two opposing sides of the frame-
core with a predetermined gap from the frame-core, and
having a primary winding and a secondary winding
structurally independent of the primary winding.

[0016] Accordingly, the discharge lamp lighting de-
vice of the present invention can be provided, which can
be produced with a limited number of components, at a
low cost, with a high reliability, and which can light a plu-
rality of discharge lamps without suffering the influence
of stray capacitances present between and around the
discharge lamps.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

Figs. 1A, 1B and 1C are views of a first leakage
transformer of a discharge lamp lighting device of
the present invention, respectively showing its front
view, right side view and bottom view;

Figs. 2A, 2B and 2C are views of a second leakage
transformer of a discharge lamp lighting device ac-
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cording to a first embodiment of the present inven-
tion, respectively showing its front view, right side
view and bottom view.;

Figs. 3A, 3B and 3C are views of a second leakage
transformer of a discharge lamp lighting device ac-
cording to a second embodiment of the present in-
vention, respectively showing its front view, right
side view and bottom view.;

Fig. 4 is a circuit diagram of the discharge lamp
lighting device of the present invention comprising
the first and second leakage transformers;

Fig. 5 is a table showing experimental results on the
discharge lamp lighting device of Fig. 4;

Fig. 6 is a schematic side view of a lighting device
for a conventional liquid crystal display device;
Fig. 7 is a block diagram of one conventional dis-
charge lamp lighting device;

Fig. 8 is a block diagram of another conventional
discharge lamp lighting device; and

Fig. 9 is a circuit diagram of the conventional dis-
charge lamp lighting device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0018] Preferred embodiments will now be described
with reference to the accompanying drawings. A dis-
charge lamp lighting device of the present invention
comprises a first leakage transformer T1 of Figs. 1A, 1B
and 1C, and a second leakage transformer T2 of Figs.
2A, 2B and 2C.

[0019] Referring to Fig. 1A, the first leakage trans-
former T1 comprises a frame-core 1, and two bar-cores
2aand 2b. The frame-core 1 is shaped substantially rec-
tangular, includes four sides, specifically two shorter
sides H1 and H2 and two longer sides H3 and H4, and
has a larger thickness at the longer sides H3 and H4
than at the shorter sides H1 and H2 as shown in Fig.
1C. The bar-cores 2a and 2b are inserted in respective
bobbins 2d and 2e each having therearound primary
and secondary windings n1 and n2. Primary and sec-
ondary winding n1 and n2 provided around the bobbin
2d are structurally independent of each other, and pri-
mary and secondary windings n1 and n2 provided
around the bobbin 2e are structurally independent of
each other. Two primary windings n1 and n1 provided
around the respective bobbins 2d and 2e are in-phase
with each other, and two secondary windings n2 and n2
provided around the respective bobbins 2d and 2e are
in-phase with each other. The bobbins 2d and 2e each
include, at the secondary winding n2, a plurality of sep-
arators Z for preventing dielectric breakdown. The bar-
cores 2a and 2b inserted respectively in the bobbins 2d
and 2e are disposed parallel with each other and orthog-
onal to the shorter sides H1 and H2 of the frame-core 1
such that the bobbins 2d and 2e are adhesively fixed to
the frame-core 1 with a predetermined gap g (for exam-
ple, about 25 um) secured by an insulation film placed
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between the bar-cores 2a and 2b and the shorter sides
H1 and H2 of the frame-core 1 as shown in Figs. 1B and
1C.

[0020] The both ends of each of the bar-cores 2a and
2b are exposed at the both ends of the bobbins 2d and
2e and go across the shorter sides H1 and H2 of the
frame-core 1. The bobbin 2d has terminals PP1, PP2,
PP3 and PP4, and the bobbin 2e has terminals PP5,
PP6, PP7 and PP8. On the bobbin 2d, the first winding
n1 is connected to the terminals PP1 and PP2, and the
second winding n2 is connected to the terminals PP3
and PP4. On the bobbin 2e, the primary winding n1 is
connected to the terminals PP5 and PP6, and the sec-
ondary winding n2 is connected to the terminals PP7
and PP8.

[0021] Referringto Fig. 2A, the second leakage trans-
former T2 comprises a frame-core 3, and a bar-core 2c.
The frame-core 3 is shaped substantially like square-U
letter, includes three sides, specifically two shorter sides
H1 and H2 and one longer side H4, and has a larger
thickness at the longer side H4 than at the shorter sides
H1 and H2 as shown in Fig. 2C. The bar-core 2c is in-
serted in a bobbin 2f having therearound primary and
secondary windings n3 and n4 which are structurally in-
dependent of each other. The bobbin 2f includes, at the
secondary winding n4, a plurality of separators Z for pre-
venting dielectric breakdown. The bar-core 2c inserted
in the bobbin 2f is disposed orthogonal to the shorter
sides H1 and H2 of the frame-core 3 such that the bob-
bin 2f is adhesively fixed to the frame-core 3 with a pre-
determined gap g (for example, about 25 um) secured
by an insulation film placed between the bar-core 2c and
the shorter sides H1 and H2 of the frame-core 3 as
shown in Figs. 2B and 2C.

[0022] The both ends of the bar-core 2c are exposed
at the both ends of the bobbin 2f and go across the short-
er sides H1 and H2 of the frame-core 3. The bobbin 2f
has terminals PP9, PP10, PP11 and PP2. The primary
winding n3 is connected to the terminals PP9 and PP10,
and the secondary winding n4 is connected to the ter-
minals PP11 and PP12.

[0023] The first leakage transformer T1 is adapted to
light two discharge lamps, and the second leakage
transformer T2 is adapted to light one discharge lamp,
as discussed later.

[0024] Figs. 3A, 3B and 3C show another second
leakage transformer T2', which is identical with the sec-
ond leakage transformer T2 described in Figs. 2A, 2B
and 2C except its frame-core configuration. Specifically,
the second leakage transformer T2' has a frame-core 4
shaped substantially rectangular and including four
sides H1, H2, H3 and H4 like the frame-core 1 of the
first leakage transformer T1 of Figs. 1A, 1B and 1C. Oth-
erwise, the second leakage transformer T2' has the
same structure as the second leakage transformer T2,
and the detailed description thereof will be omitted.
[0025] In the second leakage transformer T2', since
magnetic paths are formed on both sides of the bar-core
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2c, its magnetic flux density can be doubled when sized
and configured identically with the second leakage
transformer T2. Further, the second leakage transform-
er T2' is well balanced in structure compared with the
second leakage transformer T2, therefore can be fabri-
cated more easily, and produces stable characteristics.
And if the first and second leakage transformer T1 and
T2' use a frame-core in common, the number of compo-
nents can be decreased, whereby the cost can be re-
duced and the reliability can be enhanced.

[0026] Referring to Fig. 4, a discharge lamp lighting
device comprises the first leakage transformer T1 and
the second leakage transformer T2. A cold cathode dis-
charge lamp L1 has its both ends connected respective-
ly to output terminals f and g of a lighting circuit 7, a cold
cathode discharge lamp L2 has its both ends connected
respectively to output terminals h and j, and a cold cath-
ode discharge lamp L3 has its both ends connected re-
spectively to output terminals j and k. The lighting circuit
7 has its input terminals a, b, c and d connected respec-
tively to output terminals P1, P2, N1 and N2 of a control
circuit 5 which converts a DC voltage applied to termi-
nals DC1 and DC2 into an alternate current. A signal is
sent out from each of the output terminals P1, P2, N1
and N2 at timing to be described later. And the lighting
circuit 7 has its output terminal e, which is for detecting
tube currents in the cold cathode discharge lamps L1,
L2 and L3, connected to an input terminal CN of the con-
trol circuit 5 which controls the tube currents in the cold
cathode discharge lamps L1, L2 and L3 to predeter-
mined values. The control circuit 5 is an LS| or micro-
processor to convert a DC voltage applied to the termi-
nals DC1 and DC2 into an AC voltage. Similarly, cold
cathode discharge lamps L4, L5 and L6 are connected
to another lighting circuit 7, which has its input terminals
a, b, c and d connected respectively to the output termi-
nals P1, P2, N1 and N2 of the control circuit 5, and which
has its output terminal e connected to the input terminal
CN of the control circuit 5.

[0027] As discussed with reference to Fig. 6, the dis-
charge lamp lighting device is structured such that light
rays emitted from the cold cathode discharge lamps L1,
L2, L3, L4, L5 and L6 are adapted to illuminate a liquid
crystal display device by means of the reflectors R and
the light guiding plate PL. In this connection, the cold
cathode discharge lamps L1 to L6 are arranged such
that the cold cathode discharge lamps L1, L2 and L3 are
disposed in a line in this order along one reflector R fac-
ing one side of the light guiding plate PL, and the cold
cathode discharge lamps L4, L5 and L6 are disposed in
another line in this order along the other reflector R fac-
ing the other side of the light guiding plate PL opposite
to the one side. The cold cathode discharge lamp L2
located centrally is connected to the output terminals j
and k of the second leakage transformer T2, and the
cold cathode discharge lamps L1 and L3 sandwiching
the cold cathode discharge lamp L2 are connected re-
spectively to the output terminals f and g, and h and i of
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the first leakage transformer T1. In the same way, the
cold cathode discharge lamp L5 located centrally is con-
nected to the output terminals j and k of the second leak-
age transformer T2, and the cold cathode discharge
lamps L4 and L6 sandwiching the cold cathode dis-
charge lamp L5 are connected respectively to the output
terminals f and g, and h and i of the first leakage trans-
former T1.

[0028] The lighting circuit 7 will now be discussed. Re-
ferring to Fig. 4, in the first and second leakage trans-
formers T1 and T2, their respective primary windings n1
and n1, and n3 in-phase with each other are connected
to output terminals Q1 and Q2 of a well-known full-
bridge circuit 6. The full-bridge circuit 6 has its four gate
terminals G connected respectively to the output termi-
nals P1, P2, N1 and N2 of the control circuit 5 via the
input terminals a, b, ¢ and d of the lighting circuit 7, re-
spectively. In the full-bridge circuit 6, P-channel and N-
channel FETs F1 and F3 are connected in cascade to
each other, P-channel and N-channel FETs F2 and F4
are connected in cascade to each other, a connection
between the FETs F1 and F2 constitutes an output ter-
minal Q1, a connection between the FETs F3 and F4
constitutes an output terminal Q2, source terminals S of
the FETs F1 and F2 are supplied with a DC power V,
and source terminals S of the FETs F3 and F4 are
grounded.

[0029] Also, inthe firstand second leakage transform-
ers T1 and T2, their respective secondary windings n2
and n2, and n4 in-phase with each other have their one
output terminals connected respectively to one termi-
nals (hot terminals) of the cold cathode discharge lamps
L1, L2 and L3, and have their other output terminals con-
nected respectively to the other terminals (cold termi-
nals) of the cold cathode discharge lamps L1, L2 and
L3 via respective resistors R1 The connections between
the other output terminals of the first and second leak-
age transformers T1 and T2 and the respective resistors
R1 are grounded, and the connections between the oth-
er output terminals (cold terminals) of the cold cathode
discharge lamps L1, L2 and L3 and the respective re-
sistors R1 are connected to respective anode terminals
of diodes D which have their cathode terminals connect-
ed to one another and further connected to the input ter-
minal CN of the control circuit 5 via the output terminal
e. The connection for the cold cathode discharge lamps
L4, L5 and L6 is same as the connection above de-
scribed.

[0030] The operation of the lighting circuit 7 shown in
Fig. 4 will be described with respect to the side connect-
ed to the cold cathode discharge lamps L1, L2 and L3.
Signals to apply prescribed driving signals to respective
gate terminals G of the FETs of the full-bridge circuit 6
are outputted at the output terminals P1, P2, N1 and N2
of the control circuit 5, and two pairs of FETs conduct.
Specifically, the FETs F1 and F4 conduct thereby caus-
ing a current to flow from the terminal Q1 to the terminal
Q2, and alternately the FETs F2 and F3 conduct thereby
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causing a current to flow from the terminal Q2 to the ter-
minal Q1. As a result, an AC signal (40 to 60 kHz) is
caused to flow in the primary windings of the leakage
transformers T1 and T2 whereby a predetermined volt-
age is generated at the secondary windings of the leak-
age transformers T1 and T2.

[0031] The AC signal generated by the full-bridge cir-
cuit 6 is applied in-phase to the primary windings n1 and
n1 of the first leakage transformer T1 and the primary
winding n3 of the second leakage transformer T2, and
a voltage is outputted in-phase at the secondary wind-
ings n2 and n2 of the first leakage transformer T1 and
the secondary winding n4 of the second leakage trans-
former T2. When the cold cathode discharge lamps L1,
L3 and L2 are lighted by the voltage outputted, a tube
current is caused to flow in the cold cathode discharge
lamps. Then, only one diode conducts that is connected
to a cold cathode discharge lamp in which the highest
tube current flows. The highest tube current detected by
the diode D is inputted to the input terminal CN of the
control circuit 5, whereby respective tube currents flow-
ing in the cold cathode discharge lamps L1, L3 and L2
are kept to be constant. The operation of the lighting
circuit 7 with respect to the cold cathode discharge
lamps L4, L5 and L6 is same and the explanation thereof
will be omitted.

Examples

[0032] Examples,inwhichthe cold cathode discharge
lamps L1 to L6 are lighted by the discharge lamp lighting
device of Fig. 4, will be described with reference to Fig.
5.

[0033] The numbers of turns on the primary and sec-
ondary windings n1 and n2 of the first leakage trans-
former T1 are 25 and 2400, respectively, the number of
turns on the secondary winding n4 of the second leak-
age transformer T2 is 2400, and the number of turns on
the primary winding n3 of the second leakage transform-
er T2 is 25 in a Coil 1 and 21 in a Coil 2.

[0034] In Wire connection 1, the cold cathode dis-
charge lamp L3 located at one end of the reflector R is
connected to the second leakage transformer T2, and
the cold cathode discharge lamps L1 and L2 located at
the other end and center of the reflector R are connected
to the first leakage transformer T1, and in Wire connec-
tion 2, the cold cathode discharge lamp L2 is connected
to the second leakage transformer T2, and the cold cath-
ode discharge lamps L1 and L3 are connected to the
first leakage transformer T1.

[0035] Phase difference 1 is a phase difference be-
tween the tube currents of the cold cathode discharge
lamps L1, L2 and L3, and Phase difference 2 is a phase
difference between the tube currents of the cold cathode
discharge lamps L4, L5 and L6.

[0036] The Wire connection 2 is the embodiment of
the present invention, and the Wire connection 1 is pro-
vided for comparison purpose. ILn (n: an integer) and

10

15

20

25

30

35

40

45

50

55

Vopn (n: an integer) are a tube current and a tube volt-
age of a cold cathode discharge lamp Ln (n: an integer),
respectively.

[0037] In Fig. 5, the least difference in tube current
and the least phase difference in tube voltage between
the cold cathode discharge lamps appear in the Wire
connection 2 of the Coil 2, in which the cold cathode
discharge lamp L2 located at the center of the reflector
R is connected to the second leakage transformer T2,
the cold cathode discharge lamp L1 and L3 located so
as to sandwich the cold cathode discharge lamp L2 are
connected to the first leakage transformer T1, and in
which the number of turns on the primary winding n3 of
the second leakage transformer T2 is 21.

[0038] The results shown in Fig. 5 can be generally
expressed as follows. Tube currents flowing in three dis-
charge lamps become equivalent to one another, when
one discharge lamp lighted by a first leakage transform-
er is located between the other two discharge lamps
lighted by a second leakage transformer, numbers of
turns on primary windings of the first leakage transform-
er are identical with each other, numbers of turns on sec-
ondary windings of the first and second leakage trans-
formers are identical with each other, and when the
number of turns on the primary winding of the second
leakage transformer is smaller than the number of turns
on the primary winding of the first leakage transformer.

Claims
1. A discharge lamp lighting device comprising:

a plurality of discharge lamps;

at least one reflector to reflect light rays emitted
from the discharge lamps; and

at least one leakage transformer, each leakage
transformer being adapted to light three dis-
charge lamps and comprising: a first leakage
transformer having two primary windings and
two secondary windings structurally independ-
ent of the two primary windings, and adapted
to light two discharge lamps of the three; and a
second leakage transformer having a primary
winding and a secondary winding structurally
independent of the primary winding, and adapt-
ed to light remaining one discharge lamp of the
three.

2. Adischarge lamp lighting device according to Claim
1, wherein the plurality of discharge lamps are dis-
posed in parallel with one another, and the one dis-
charge lamp lighted by the second leakage trans-
former is located between the two discharge lamps
lighted by the first leakage transformer.

3. Adischarge lamp lighting device according to Claim
1, wherein the first and second leakage transform-
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ers are driven by a same driving circuit, and the
three discharge lamps are lighted in-phase with one
another.

A discharge lamp lighting device according to Claim
1, wherein numbers of turns on the primary and sec-
ondary windings of the second leakage transformer
are determined so as to equalize respective cur-
rents flowing in the three discharge lamps when the
discharge lamps are lighted.

A discharge lamp lighting device according to any
one of Claims 1 to 4, wherein numbers of turns on
the two primary windings of the first leakage trans-
former are equal to each other, and numbers of
turns on the two secondary windings of the first
leakage transformer are equal to each other.

A discharge lamp lighting device according to Claim
1, wherein the first leakage transformer comprises:
a frame-core shaped substantially rectangular; and
two bar-cores disposed parallel to each other and
orthogonal to two opposing sides of the frame-core
with a predetermined gap from the frame-core,
each bar-core having a primary winding and a sec-
ondary winding structurally independent of the pri-
mary winding, and wherein the second leakage
transformer comprises: a frame-core shaped sub-
stantially like square-U letter; and a bar-core dis-
posed orthogonal to two opposing sides of the
frame-core with a predetermined gap from the
frame-core, and having a primary winding and a
secondary winding structurally independent of the
primary winding.

A discharge lamp lighting device according to Claim
1, wherein the first leakage transformer comprises:
a frame-core shaped substantially rectangular; and
two bar-cores disposed parallel to each other and
orthogonal to two opposing sides of the frame-core
with a predetermined gap from the frame-core,
each bar-core having a primary winding and a sec-
ondary winding structurally independent of the pri-
mary winding, and wherein the second leakage
transformer comprises: a frame-core shaped sub-
stantially rectangular; and a bar-core disposed or-
thogonal to two opposing sides of the frame-core
with a predetermined gap from the frame-core, and
having a primary winding and a secondary winding
structurally independent of the primary winding.
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Fig. 5
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